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Electronic Still Camera

RMS video surveys are time consuming, low resolution,
difficult to review and examine; the picture always goes
bad during the good parts.

Digital Camera System (DCYS) 760 is the best way to get a
comprehensive set of detailed images to the ground during
amission (Quickly? --No promises).

DCS760 issimilar to DCS460 which flew on STS-103, but
better.

Why not fly 2 camerasin case onefalls,.... and so 2 crew
members can shoot ESC surveys simultaneoudly!
............. (We can dream allittle, can’t we?!)



Crew comments from STS-103/SM-3A

Pilot isthe only one with time to spare
Window time isvery scarce

Attempts at surveyswere necessarily
sporadic

Difficult to keep track of what was surveyed
Prioritize, Prioritize, Prioritize.



Priorities Conceptualized

(boiled down requirements)

Targets
e Hingepins
- -V2
- +V2

e Aft Shroud Door Seals
and Latches

 MLI

Magnification
80 mm lens
200 mm lens
400 mm lens (only by request)

800 mm (400mm lens with 2x
doubler). Some -V 2 door latches
were successfully shot with this
configuration (s109E5503-E5510).




Priorities for Array Surveys

STS-109
DCS Survey
FD 3

-V2 SA
(starboard)

80-200 mm lens
at 80 mm

Mark circles
to indicate
photos taken

verall Prioriti
1. DCS 80mm -V2 SA |
. DCS 80mm +V2 SA
. DCS 80mm HST Body
. DCS 200mm -V2 SA
. DCS 200mm +V2 SA

6. DCS 200mm HST Body
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DCS Survey
FD 3

-V2 SA
(starboard)

80-200 mm lens
at 200 mm

Mark circles
to indicate

photos taken

shool in numbered
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Photo/TV checklist diagrams for HST Body Survey

STS-109
DCS Survey
FD 3

-V3

80-200mm lens
at 80mm

Mark circles
to indicate
photos taken

Overall Priorities
. DCS 80mm -V2 SA
. DCS 80mm +V2 SA

. DCS 80mm HST Body |

. DCS 200mm -V2 SA
. DCS 200mm +V2 SA
. DCS 200mm HST Body

Lower Priority

A

Higher Priority

Shooting photos
in sequence
is not critical

STS-109
DCS Survey
FD 3

-V3

80-200 mm lens
at 200 mm

Mark circles
to indicate
photos taken

Qverall Priorities
1. DCS 80mm -V2 SA
. DCS 80mm +V2 SA
. DCS 80mm HST Body

. _DCS 200mm +V2 SA

2
3
4. DCS 200mm -V2 SA
5
6

. DCS 200mm HST Body|




Array Surveys 80 mm

STS-109
DCS Survey
FD3

-V2 SA
(starboard)

T

' 80-200 mm lens
at 80 mm

ﬁl z @ - Mark circles

to indicate
photos taken

[1. DCS 80mm -v2 SA

DCS 80mm +V2 SA
DCS 80mm HST Body
DCS 200mm -V2 SA

. DCS 200mm +V2 SA

. DCS 200mm HST Body
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Preliminary Hingepin Report

80mm images only
Delivered 3/3/02 10:00am (end of Flight Day 3)

STS-109/ SM-3B

-2 +V2

SPAs Outboard| Inboard SPAs Inboard |Outboard

:OBAGHI-AA NOPIN |CANTSEE| OBACD/+E | NOPIN | CANTSEE

-AA /-BB NO PIN | NO PIN +E /+D NO PIN | NO PIN

-BB /-CC NO PIN | NO PIN +D /+C NO PIN | NO PIN

-CC/-DD NO PIN | NO PIN? +C /+B NO PIN | NO PIN

-EE /IBA 19.7 +A / IBA* 94
IBA /-A 1.4 IBA /+EE* 4.9
-A/-B NO PIN | NO PIN +EE /+DD NO PIN | NO PIN
-B/-C NO PIN | NO PIN +DD /+CC 20.6
-C/-D NO PIN | NO PIN +CC /+BB NO PIN | NO PIN
-D/-E NO PIN | NO PIN +BB / +AA NO PIN | NO PIN

|
|
|
|
|
|
|
| _-DD/-EE_| NOPIN | NOPIN +B /+A NO PIN | NO PIN
|
|
|
|
|
|
|
I

-E/OBAEF | NOPIN | NOPIN |[+AA/OBAAB| NOPIN | NO PIN

[All measurements are in inches.

*End of hingepins not zisihle. Therefore, this is a minimum length.



Array Surveys 200mm

FE o
20 || 1
STS-109
DCS Survey
19 2 FD 3
i -V2 SA
18|| | T 3 (starboard)
| i
17§ FTTRTTRE 4 80-200 mm lens
it at 200 mm
]
Ji L. B | &
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| to indicate
i photos taken
15| o athoetes
| 1
14| 7 Qverall Priorities
1. DCS 80mm -V2 SA
| 2. DCS 80mm +V2 SA
8 3. DCS 80mm HST Body
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Final Hingepin Report

200mm images

Delivered 3/4/02 3:00am (-V2), 9:00am(+V2)
end of flight day 4

_E*The end of the pin was not visible (hidden by bisten) sa this is a minimum length

STS5-109/ SM-2B
-2 +V2
SPAs Qutbhoard| Inboard SPAS Inboard |Outboard
OBA GH/-AA| no pin ho pin QBACD/+E ho pin no pin
-AA/-BB no pin 1.3 +E/+D ho pin no pin
-BB /-CC no pin 04 +D /+C ho pin no pin
-CC/-DD no pin 3.7 +C /+B ho pin no pin
-DD /-EE ho pin | no image +B /+A ho pin no pin
-EE / |IBA no pin 20.0 +A /IBA* 9.7 no pin
IBA /-A no pin 1.4 IBA /+EE”* no pin 54
-Af-B no pin ho pin +EE /+DD no pin no pin
-B/-C no pin ho pin +DD /+CC no pin 21.3
-C/-D no pin ho pin +CC /+BB no pin no pin
-D/-E no pin ho pin +BB / +AA no pin no pin
-E/OBAEF no pin nhopin |+AA/OBAAB| nopin no pin
':AII measurements are in inches.
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Diagram of
hingepins

STS-109 SM-3B Hingepins

InboardHingePin - eo— Cathoard Hinge Pinn  —

HG
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BLANKET " e
a7
200"
V2 : ' ' . o RS2
1208 | ' =0
p— 1] 3"
UPPER
BLAMKET LOWWER
BLANKET
g E

FE Broken Spring



80mm HST Survey mosaics
Isag.j sc.nasa.gov/hubbleweb/sm3b/sm3

CS_survey.shtml

b d

http://sn




-V 3 200mm Surveys




-V 3 final composite




+V3 200mm

*Quality and Quantity of images was
outstanding

*Excellent Lighting, Excellent Coverage
*64 Images taken with generous overlap
29 selected for MLI report




+V 3 200mm

S109E5440



S109E5548



200mm -V 2 Survey Supplemented with
incomplete 80mm -V 2 Survey




Bay A handrall

SM-2 SM-3A




200mm +Vz




-V2/-V3 200mm
Taken during deploy



MLI Survey Results

e 109 New damage site identifications
« 38 old damage sites grew larger

 Maority of new damage on +V3 in areas
not well Imaged on SM-3A.



HST MLI Damage

SM-3B
5 6 7 8

9 10 11

Figure 1
10/17/02
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Bay JHandrall

SM-2 SM-3A




ML Patch damage

Damage to SM-2
installed-Bay 8
MLI Patch

Damagerto SVI=2
installediBay:8 |
VILI RPatehis=s Sac




3D Anaglyph from Stereo type Image Pa|r




More 3D Anaglyphs from
Stereo-type image pairs

= 5 5-108 3D An-‘:‘:gl'!.';-h of -\W'2 Array .
"*"ﬁ?ﬁ:* Dunng Rotation using ESC 5085 and 5036




Sun Shaded areaof MLI1? From +V3 fwd
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SM-3B Reboost

HST Motion Analysis (HMA)
In four easy steps

. Use HST coordinates + FSS position + Camera

position to determine viewing geometry.

. Use HFOV + Geometry + Pivot direction to
determine scale In motion direction.

. Track the 2D motion; isolate the 1D pivot
motion; scale to inches.

. Oh, and don't forget to tell the crew to videotape
the onboard GMT clock before and after!!!



Reboost Scenarios

Camera to target
FSS Rot Pivot = Camera Target tlt dx dy dZ  Adjust Scale
-V3fwd 90 B +\V2trunnion  50.14  -158.8  -10.75 190.594  0.075
-V3fwd 90 C -V2 trunnion 50.14  -158.8  10.75 | 190.594  0.075
+V3 fwd 90 B +V2trunnion 5545 -130.8  -10.75  190.594  0.0727
+V3 fwd 90 C +V2trunnion 5545 -130.8  10.75  190.594  0.0727
-V2 fwd 90 C +V3keelfiting =~ 52.67  -1448 1236  190.594  0.0738
+V2 fwd 90 B +V3keelfiting =~ 52.67  -1448 -12.36  190.594  0.0738



Reboost graphic

W1

HST
Coordinate V3
System

+\2

Red line is B camera sighting the +V2 trunnion



ElMicrosoft Excel - ST5-109 HMA 2.6 3fps.xls

J@j File Edit Wiew Insert Format Tools Data Window Help

g 8RY|[s2ad - (@4 45 @eor @A
‘Geneva - 12 v‘B Iu|§,§§!$%,
HFOV deg | =| 10
I A E C o | E_ | F [ G| H | | 4 [ k| L [ M M| o | P R R =]

1 Inmitial Angles Degrees|Hadians

z Pivot Q0,00 1.5¢ = A
e e o The camera locations are fixed.

m a a

- = e User Inputs All transformations and rotations

HFOV 10.00 017 H H H

: are in Yellow are done in the Orbital Coord.
i Pixels

9 Image Width G40

10

11 nitial Target Positiog  ¥1 V2 va | X Y 2 Camera Position = Y 2 = e 2
1z +42 Trunnion 2000 9775 -1400 113520 9775 R3EAS A BR900  -A150 44600 FS5 Pivaot 17720 000 475.00
15 =42 Trunnion 24000  -9775 1400 113520 49775 B36ES B 129400 -87.00  446.00 Hubble Origin | 114920 000 396.59

14 +%3 Feel Fithng 240,00 0.an 9936 124856 000 E36.59 fE 12594.00 8700  446.00 Diff: Piv-Orig 28.00 0.an 841
15 D 589.00  F1.50 44600

15 Elbow - Park FEE.O00  -218.00 E88.00

a7 Elbow - TED

15 I-'v'3forward vi
19 Translation Hotation Translation Pivolt Translation
20 IcameraB L‘ "+¥2 Trunmon” Onginal HST Ongin to OCS OngirfST RBot. about OCS OngiOCS Origin to FSS PivoltGS Pivot about OCS Y Ax Attach to FS55
i x Y Z = Y il x Y Z = Y 2 x Y s = Y Z
22 i'VETrunnion vl 113520 -977y5  B3EHR9 | 1400  -9775 24000 | 1400  -9775  Ao00 | 4200 0 89775 16188 | 4200 97 VR 16159 | 113520 -5775 B3E6S

23

a4 X Y s R Scale [HFOY) | 0.0E73 X Dow i woka: Jit 5TA
25 '+¥2 Trunnion®” Fina| 113520 -53775 B3653 | 130618 Dot Product -105 743|RadianzDegrees| t ’
=S "Camera B” 129400 -87.00 44600 | 1371.47 3D Foreshortening Angle| 201 115.21 | v e HOBEES i e
27 | Camerato Target | -16880 -1075 13053 | 24831 A & (] ale 0.0750 OCS arigin
e FS5 Fivot 1F720 000 475,00 [ 126942 IR in ¥-Z
2a [FS5 Pivot to Target| -4200 5775 16163 | 19347 | 1BE96 2| ratate the HST abaout the OCS

30 Unit Yector 0,965 0,000 0252 1.00 origin BOTATION

3] move the OCS origin to the FS5
pivat

4] rotate about the FSS pivat
location [around the ¥ in OCS
coords] PIWOT

8] return the HST [in =.7.2] to the
FSS attach




Reboost Acquisition Plan
Origina planin P/TV chklst

77— % =
A: Fwd HGA B: Port Trunnion
PAN: -14 PAN: -4.2
TILT: 41 TILT: 50

HFOV: 15 HFOV: 10

A, B mux: record + downlink

What we got...post-mission

=% 2 bl s
) (e / ® P 7
g e /

ord TCR 00:32:1




Reboost 1% Analysis on two movies

STS-109 HST SM-3B Reboost

Motion of +V2 Trunnion

Motion isin positive pivot direction vector XYZ

(0.968, 0, 0.252) orbiter coordinates
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Hst Reboost Motion in the first 5 minutes

Mation (inches)
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STS-109 HST SM-3B Reboost
Motion of +V2 Trunnion

Motion isin positive pivot direction vector XYZ =(0.968, 0, 0.252) orbiter coordinates
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HST Motion during Gimbal Event (water dump)

Moation (inches)
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STS-109 HST SM-3B Reboost

Motion of +V2 Trunnion
Motion isin positive pivot direction vector XYZ =(0.968, 0, 0.252) orbiter coordinates

Gimbal of HGA observed
at GMT 17:46:22.9
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Motion (inches)

STS-109 HST SM-3B Reboost
Motion of +¥2 Trunnion. Analysis is from a single continuous movie.
Motion is in positive pivot direction vector X¥Z ={0.968, 0, 0.252) orbiter coordinates.
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Moation (inches)

HST Reboost Motion in the first 5 minutes
More compressed movie
More noisy tracking

STS-109 HST SM-3B Reboost
Motion of +V2 Trunnion. Analysis is from a single continuous movie.
Motion isin positive pivot direction vector XYZ =(0.968, 0, 0.252) orbiter coordinates.
First 5 minutes
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NCS handrail close-up

Distance from stan
is 436 pixels
-> 436x4"/266=6.6




